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ABSTRACT

Background: The cultivation of ginseng (Panax ginseng C. A. Meyer) in greenhouses could reduce the use of pesticides and result
in higher yield; however, construction costs are problematic. The adaptation of direct-sowing culture in greenhouses could reduce
the cost of ginseng production.

Methods and Results: To improve seedling establishment in direct-sowing culture, effects of sowing density (SD), number of seeds
sown per hole (SN), and thinning (TH) treatment on the root yield were investigated after 3 years of seeding. The emergence rate
was significantly influenced by SD, but not by SN or TH. Damping-oft and rusty roots increased with an increase in SN with dimin-
ishing effects of SN on seedling establishment. Root weight and diameter were affected by SD, SN, and TH, however, there were no
statistical significances. The total number of roots harvested per unit area increased with increasing SD and SN, and the weight of
roots was affected by SD, but not by SN or TH.

Conclusions: Multi-seed sowing per hole and/or thinning might not be an efficient method for the direct-sowing culture of ginseng.
The SD for direct seeding culture in greenhouses should be approximately 33 - 42 seeds/m’ for an optimum yield of 3-year-old gin-
seng.
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Fig 1. Hourly average of air and soil temperature from

June to August in the greenhouse.
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Table 1. Soil chemical properties in the experimental field after third year old of ginseng growth.

Ex. Catin (cmol*/kg)

pH EC OM NO, P,0s
(1:5) (dS/m) (g/ke) (mg/kg) (mg/kg) K Mg Na Ca
After seeding 6.3 0.2 4.6 2.8 180 0.07 0.9 0.05 5.4
1 year 5.3 0.4 5.1 32.5 249 0.09 1.0 0.05 5.3
2nd year 5.8 0.3 4.2 23.2 154 0.09 1.1 0.08 5.9
31 year 5.9 0.3 4.3 16.8 166 0.07 1.0 0.09 5.0
Suitable range” 5.0-6.0 <0.5 10.0 - 20.0 <50 100-250 030-0.70 1.0-20 0.05-0.15 3.0-5.0

PSuitable range for upland soil.
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Table 2. Effect of sowing density, number of seeds per hole and thinning on the emergence rate and growth of above-ground parts of
ginseng grown in the greenhouse by direct sowing method.
spY , , ERY Plsfmt Stem ‘Stem Leaf Lgaf Chlo.
(seeds/ ) SN? TH? ) height length diameter length width content
(cm) (cm) (mm) (cm) (cm) (SPAD)
1 No 58.7M 32.5™ 15.2% 4.03™ 10.0M 4.5M 30.2M
2 No 86.6 36.2 18.8%® 3.70 9.6 4.2 31.3
50 2 Yes 70.8 34.8 17.4® 3.87 9.6 4.3 319
3 No 74.1 39.1 20.8® 3.63 9.6 4.3 31.5
3 Yes 64.2 34.7 17.1%® 3.76 9.9 4.4 31.7
1 No 77.8 40.6 19.8™ 4.24 10.9 4.9 31.6
2 No 81.1 421 22.0° 4.05 10.8 4.8 32.4
42 2 Yes 79.1 38.1 19.1% 4.04 103 4.7 32.6
3 No 84.9 429 22.0® 3.84 10.8 4.7 34.8
3 Yes 83.6 38.7 18.9% 4.47 10.9 4.8 34.6
1 No 60.4 35.2 15.0™ 4.40 11.5 5.1 31.4
2 No 77.5 37.6 18.9 412 10.5 4.7 329
33 2 Yes 74.6 34.3 15.7% 417 10.6 4.7 33.0
3 No 64.1 37.0 19.2%® 3.67 10.1 4.4 31.3
3 Yes 63.5 32.1 15.2%® 3.68 9.6 4.2 29.8
1 No 55.0 31.8 13.9° 3.82 10.3 4.6 28.8
2 No 69.3 37.6 18.2%® 4.15 11.1 5.0 32.3
28 2 Yes 57.3 33.9 16.0" 3.80 10.2 4.4 30.3
3 No 71.9 36.5 18.8® 3.66 10.2 4.4 325
3 Yes 58.6 31.4 14.7% 3.69 9.8 4.2 30.6
SD * * * NS NS NS NS
SN NS NS * NS NS NS NS
TH NS * * NS NS NS NS
Interaction (SD x SN) NS NS NS NS NS NS NS
Interaction (SN X TH) NS NS NS NS NS NS NS
Interaction (SD X TH) NS NS NS NS NS NS NS

YSD; Sowing distance, ?SN; Seed number sown per hole, *TH; Thinning treatment, “ER; Emergence rate, NS; Not significant. Data presented
are mean of triplicate. *Mean within a column followed by the same letters (a - b) are not significantly different based on the DMRT (p < 0.05).
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Table 3. Effect of sowing density, number of seeds per hole and thinning on the disease incidence and physiological disorder of ginseng

grown in the plastic house by direct sowing method.

. Leaf .
SDY 2 3 Damping-off : Rusty Rough skin
(seeds/m’) SN H (%) yell(o(yvx)/lng (1-59* (1-5)
()
1 No 2.00de 0.6™ 1.3 1.7
2 No 2.5 0.0 1.3 1.4
50 2 Yes 2.0% 0.0 1.2b¢ 1.9
3 No 12.12 0.0 1.3 2.0
3 Yes 2.6 0.0 1.20¢ 1.6
1 No 3.7Pcde 0.0 1.0 1.4
2 No 3.7bcde 0.0 1.1b¢ 1.3
42 2 Yes 1.0% 0.0 1.2b¢ 1.2
3 No 9.3% 0.0 1.3 1.2
3 Yes 1.0% 0.0 1.20¢ 1.2
1 No 1.7% 0.0 1.20¢ 1.3
2 No 3.pcde 0.0 1.1b¢ 1.5
33 2 Yes 1.2% 0.0 1.6%¢ 1.6
3 No 8.1%¢ 0.0 1.6%¢ 1.4
3 Yes 1.0% 0.0 2.1° 15
1 No 0.0° 0.0 1.0° 1.6
2 No 1.8% 0.0 1.2b¢ 1.4
28 2 Yes 0.0¢ 0.0 1.1 1.8
3 No 6.7 0.0 1.8% 1.7
3 Yes 0.0° 0.0 1.5%¢ 1.8
SD NS NS NS *
SN * NS * NS
TH * NS NS NS
Interaction (SD X SN) NS NS NS NS
Interaction (SN X TH) * NS NS NS
Interaction (SD X TH) NS NS NS NS

YSD; Sowing distance, 2SN; Seed number sown per hole, *TH; Thinning treatment, *Disease rate; 1 = 0%, 2 = less than 10%, 3 = 11 - 30%,
4 = 31 -50%, 5 = more than 50%, NS; Not significant. Data presented are mean of triplicate. *Mean within a column followed by the same
letters (a - e) are not significantly different based on the DMRT (p < 0.05).

o2 Azb #r} (Table 3).
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Table 4. Effect of sowing density, number of seeds per hole and thinning on the growth of below-ground parts of ginseng grown in the
plastic house by direct sowing method.

DY ) ; Root Root Root L'B“’ No. of Total
(seeds/ ) SN? TH? length diameter weight width oot welgzht
(cm) (mm) (g/root) (mm) (No./m’) (g/m’)
1 No 20.0 13.68> 8.8 5.37cdef 37.0bcde 290%
2 No 19.4 13.51b< 8.8 5.53bcdef 43.2bd 318
50 2 Yes 19.2 13.61° 10.6° 6.08200def 10.1° 349%
3 No 17.2 12.48¢ 6.7 4.73f 55.4% 342%
3 Yes 18.4 13.62b< 10.2% 5.9772bcdef 37.7bcde 322%
1 No 21.9 16.39® 14.2® 7.543 29.3% 347%®
2 No 21.2 14.843bcd 12.7% 7.59%¢ 37.60cde 362%
42 2 Yes 21.3 15.60%° 13.1% 6.1620def 37.0bcde 351%
3 No 20.5 14.343bcd 10.7% 7.243bcde 74.6° 494?
3 Yes 21.5 15.142bd 13.6% 7.76% 36.50cde 401
1 No 21.6 16.95° 15.6° 8.02° 23.5%¢ 341
2 No 21.1 14.75%d 11.5% 7.032bcde 36.60e 402%
33 2 Yes 20.8 14,772 11.9% 5. 7gabedef 23.0% 244
3 No 20.3 12.89« 8.0 5.08% 490" 268%
3 Yes 18.9 13.96" 9.5% 5.27¢ 16.6° 147%
1 No 21.4 14.08" 11.1® 6.57°20cder 15.1° 158%™
2 No 22.1 15.51¢ 14.1% 7.88% 26.2% 286%
28 2 Yes 21.1 14.862¢ 12.1% 6.772bcdef 16.0° 193
3 No 20.4 13.51b< 10.0% 6.8220cdef 38.6d 323%
3 Yes 19.0 13.73bd 11.1% 6.552bcdef 20.14 182
SD NS NS NS * * *
SN NS NS NS NS * NS
TH NS NS NS NS * NS
Interaction (SD X SN) NS NS NS NS NS NS
Interaction (SN X TH) NS NS NS NS * NS
Interaction (SD x TH) NS NS NS NS NS NS

YSD; Sowing distance, ?SN; Seed number sown per hole, *TH; Thinning treatment, “LB; Latent bud, NS; Not significant. Data presented are
mean of triplicate. *Mean within a column followed by the same letters (a - f) are not significantly different based on the DMRT (p < 0.05).
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220 3 B E BN E Ea a w= >~3lak Fig 2. Change of emergence rate by year of ginseng
FEARTTE FHAFFHES Sl 1 ¥ AT ool cultured in the plastic house by direct sowing
=S Flolu, £2AETe] AFE U AS BEYo=E method. Average was obtained per same number of

S slEr sne =lx] 2al Ao seeds per hole or thinning treatment. Values are
OL,]OH THE HRE S HF JoR HAlY (Table 3, means = SD (n = 3). 1S - 35; seed number per hole,
Fig. 2). TH; Thinning.
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Fig 3. Root yield in unit area of ginseng harvested

after three year of direct-sowing in the

reenhouse. (A) numbers and (B) weights of

arvested root. Different superscript letters above
bar within same seeding density show significant
difference between treatment at p < 0.05 by
DMRT. Bars are means = SD (n = 3). 1 Seed; 1
seed per hole, 2, 3 Seed + TH; thinning treated
after 2 or 3 seeds sowing per hole.
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